Purpose. To assess the criterion validity, repeatability, and the missing value protocol of the reduced Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) function scale ('reduced scale'). Methods. Three separate studies were performed: a cross-over study to compare the full-and reducedscale scores in 66 UK patients for validity, a test-retest study for repeatability in 103 Australian patients, and a study for the missing value protocol of the reducedscale questionnaire. Results. There was no significant difference between scores for the full-and reduced-scale questionnaires in both cross-over and test-retest studies. For the missing value protocol of the reduced-scale questionnaire, when 3 or more of the 7 items were missing, the patient's response was regarded as invalid and the sub-scale score was eliminated from further analysis; when 2 or fewer items were missing, the mean value of the sub-scale was substituted for the missing values.
INTRODUCTION
The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) is a self-assessed, disease-specific measure for patients with osteoarthritis of the hip and knee. The original version ('full scale') comprises 24 items in 3 dimensions: pain (5 items), function (17 items), and stiffness (2 items), 1, 2 and is measured by either a Likert 5-point response scale or a visual analogue scale.
An abbreviated version of the WOMAC function scale ('reduced scale') using the Likert 5-point response scale retained 7 of the 17 original items (ascending stairs, rising from sitting, walking on the flat, getting in or out of a car, putting on socks, rising from bed, and sitting). 3 Initial validity was established by means of criterion validity, convergent construct validity, reliability, and responsiveness using the same dataset that derived the questionnaire. 3 However, independent datasets to assess validity, repeatability, and the missing value protocol are required.
We aimed to assess criterion validity, repeatability, and the missing value protocol of the reduced-scale questionnaire.
MATERIALS AND METHODS

Cross-over study for validity
Criterion validity is the correlation of a scale with some other measure of the trait under study, ideally a 'gold standard'. When an existing scale is modified or reduced, comparison with the original full scale is necessary.
Between April and September 2000, 100 consecutive patients attending a preoperative assessment clinic in the United Kingdom for total hip or knee replacement were randomised to complete either the full-or reduced-scale questionnaire (along with the WOMAC pain dimension). Once admitted for surgery, the patients were given the alternate version (usually 2 to 3 weeks later). The carry-over effect was minimised by the wash-out period. There was no treatment between administration of questionnaires.
34 of the 100 patients had surgery deferred mainly because of preoperative problems; 21 of them had completed the reduced-and 13 the fullscale questionnaires. Of the 66 operated patients, 36 underwent total knee replacement (TKR) and 30 had total hip replacement (THR). 29 (44%) completed the full-scale questionnaire first, whereas 31 (47%) completed the reduced-scale first. The remaining 6 (9%) completed both questionnaires on the same day as they were admitted for surgery right away, of whom 3 had the full-scale questionnaire first. Regarding these 66 patients, the median time between completion of both questionnaires was 14 (range, 0-72) days.
Test-retest study for repeatability
Test-retest reliability (repeatability) is the relationship between scores obtained by the same person on 2 or more separate occasions. Between May and August 2003, 108 patients in Australia undergoing total joint replacement were invited to complete either the fullor reduced-scale questionnaire (run concurrently) on 2 occasions 2 weeks apart. Patients admitted before this period completed the questionnaires just before surgery. 51 (93%) of 55 patients completed the fullscale and 52 (98%) of 53 completed the reduced-scale questionnaires. Patients not completing the second one before their surgery were excluded.
Of the 51 patients who completed the full-scale questionnaire, 24 (47%) had THR, 27 (53%) had TKR, and 2 had revision surgery. Of the 52 patients who completed the reduced-scale questionnaire, 19 (37%) had THR, 32 (62%) had TKR, and one (2%) had both; one of the procedures entailed revision surgery. The median time between administration of the questionnaires was 13 (range, 1-36) days for the fullscale and 7 (range, 2-19) days for the reduced-scale questionnaires.
Missing value protocol
The standard protocol for missing values in the fullscale questionnaire states that when ≥4 of the 17 items are missing, the patient's response is invalidated and the sub-scale eliminated from the analysis; when ≤3 items are missing, the mean value of the subscale is substituted for the missing values. 2 No such protocol has been established for the reduced-scale questionnaire. Raw reduced WOMAC function scores are given on a worst-to-best scale of 28 to 0, and then transformed to a 0-to-100 scale, worst to best.
Data from the original study of the reduced-scale questionnaire, 3 the Kinemax Outcomes Study 4 (an international, prospective cohort study of primary TKR for patients with osteoarthritis), and the US Medicare Beneficiaries Hip Replacement Study 5 were used. In the Kinemax Outcomes Study, 4 patients were recruited between September 1997 and December 1998 and received the Kinemax Plus (Stryker Howmedica Osteonics) TKR prosthesis. Data were gathered preoperatively and at 3 and 12 months postoperatively, by means of a physical examination and a selfcompleted questionnaire booklet that included the WOMAC. In the US Medicare Beneficiaries study, 5 data comprised 3 years of postoperative WOMAC scores, including the 3-and 12-month postoperative TKR and 3-year postoperative THR datasets. Preoperative TKR data were screened for completeness. Hence an exercise examining missing values was not relevant for this data. Only the preoperative and 3-month postoperative TKR data were used to derive the reduced-scale questionnaire; the 12-month postoperative TKR and 3-year postoperative THR data were used only for score validation.
The numbers of missing scores for the reducedscale questionnaire were examined (0 vs 1, 2, or 3 missing values). Calculation for >3 missing values was not undertaken, as it was considered invalid for the full-scale questionnaire. Mean score imputation was usually restricted to cases with at least half of the items completed. 6 The numbers of valid scores for various missing value protocols were compared.
RESULTS
Cross-over study for validity
Scores were compared using the Wilcoxon signed rank test (for paired and non-parametric data). The mean score was 60.5 (standard deviation [SD], 16.7) for the full-scale and 59.9 (SD, 17.7) for the reducedscale questionnaires. The difference between both scores was not significant (p=0.44). All p values were 2-tailed. In the full-scale group, there were 28 missing items (Table 1) ; one patient responded to only 8 items and hence invalidated the score; thus 65 scores were valid and compared. Only one item was missing in the reduced-scale group.
Test-retest study for repeatability
The mean scores for the full-and reduced-scale questionnaires on 2 separate occasions were compared using the Wilcoxon signed rank test (for paired data) and Spearman's correlation coefficient (for nonparametric data). The correlations were significant indicating excellent agreement. The Wilcoxon signed rank test showed no significant difference at the 5% level for each scale (p=0.83 for full-scale and p=0.09 for reduced-scale questionnaires, Table 2 ).
Missing value protocol
For the missing value protocol of the reduced scale, it was proposed that when ≥3 of the 7 items were missing, the patient's response was invalidated and the sub-scale score eliminated from further analysis; when ≤2 items were missing, the mean value of the sub-scale was substituted for the missing values. The validity of this protocol was confirmed by comparing the means and SDs of both the TKR and THR data, incorporating responses for all the missing value protocols considered for the reduced scale, with both the full-and reduced-scale scores with no missing item (Table 3) .
DISCUSSION
In the cross-over study, there was no statistically significant difference between the reduced-and fullscale questionnaires when administered separately. All previous analyses have been based on data gathered from the full-scale questionnaire and the reduced-scale scores calculated from it as a subset. Compliance increased when the respondent was asked to complete an appreciably smaller set of questions. Patients missing items in the full-scale questionnaire completed the same items in the reduced-scale version. This has important implications for data collection, completion, and analysis.
In the test-retest study, repeatability of both the full-and reduced-scale questionnaires was high and not diminished with the reduction of the scale. In the missing value protocol, the reduced-scale questionnaire was derived using the preoperative and 3-month postoperative TKR scores and corresponding numbers of missing values, but the 12-month postoperative TKR and THR data were used only for score validation. Their use to determine a missing value protocol is therefore acceptable. There were more valid responses for the reduced-scale than for the full-scale questionnaire, because missing items invalidating the full-scale questionnaire were not necessarily those that were retained in the reduced-scale questionnaire. Therefore, a valid score could be calculated for the reduced-scale, but not for the full-scale questionnaire. Items with high frequencies of missing values were removed from the scale, so the number of missing values was reduced and the influence of each item on the score increased proportionately (from 6% to 14% per item). Hence, the impact of missing items was larger for the reducedscale questionnaire.
There does not appear to be a substantial increase in numbers of valid responses between those protocols with 'up to 2 missing' and 'up to 3 missing', particularly when the number of valid full-scale responses was considered. For 2 of the 3 datasets, the number of valid scores was at least as great as those for the full-scale questionnaire. For this small gain, the supposition that the completed items were representative of the missing ones rises from 29% (2 of 7 items) to 43% (3 of 7 items). Although in general this may be deemed acceptable in terms of score calculation, 5 there was not a sufficient gain in the number of valid responses to warrant this supposition.
The missing value protocol for the reduced-scale questionnaire was valid and adds power to the results of some studies, by ensuring that the data eligible for analysis is maximised, particularly when relatively small numbers are involved.
CONCLUSION
The reduced-scale questionnaire retains excellent validity and repeatability. Its use is recommended along with the original pain dimension in studies of total joint replacement. The reduced-scale questionnaire may minimise the number of missing values, and hence the number of invalid scores. This may have important implications when considering the power of smaller studies, particularly when allowing for patient dropout and compliance.
